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Indian Standard 

METHOD OF TEST FOR ELECTRIC 

STRENGTH OF SOLID INSULATING 

MATERIALS AT POWER FREQUENCIES 

0. FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards Institu- 
tion on 14 August 1963, after the draft finalized by the Insulating 
Materials Sectional Committee had been approved by the Electrotechni- 
cal Division Council. 

0.2 With the advent of indigenous manufacture of electrical insulating 
materials, need has been felt to have Indian Standards prescribing the 
test conditions and procedures for determining the performance charac- 
teristics of insulating materials with a view to ensuring uniformity in 
results of tests carried out by different agencies. A series of standards on 
methods of testing electrical insulating materials is being issued and 
this standard, which is one in the series, prescribes the method of 
determination of electric strength of solid insulating materials and 
filling compounds for industrial purposes at power frequencies. 

0«2*1 Other standards so far published in this series are: 

IS ; 2259*1963 Methods op Test for Determination of Insvla* 
noN Resistance of Solid Insulating Materials 

IS : 2260*1963 Recommendations for the Conditioning and Test- 
ing OF Electrical Insulating Materials 

OJtJ Determination of the electric strength of the insulating oils is 
covered in IS : 335-1963 Specification for Insulating Oil for Transfor- 
mers and Switchgear ( Revised ) . 

0J13 Separate specifications for different insulating materials are 
also being prepared. The following specifications have been issued 
so far: 

IS : 2448 ( Part I )-1963 Specification for Adhesive Insulating 
Tapes for Electrical Purposes Part I Tapes with Cotton 
Textile Substrates 

IS : 2464-1963 Specification for Built-Up Mica for ELEciAkidAL 
Purposes 
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0«3 Specifying the electric strength of an insulating material has no 
dgnincance without providing complete details of test conditions, 
since the electric strength is affected by many factors. These include: 

a) the frequency, wave-form and time of voltage application; 

b) the thickness and homogeneity of the specimen and the presence 
of mechanical strain; 

c) the ambient temperature, pressure and humidity; 

d) the presence of gaseous inclusions, moisture or other con- 
tamination; 

e) the shape, size and thermal characteristics of test electrodes; 
and 

f) the electrical and thermal characteristics of the ambient 
medium. 

0.3«1 The effect of all these factors should be considered while 
investigating new materials, but for comparative tests it is only neces- 
sary to define particular conditions enabling rapid discrimination 
between materials and which can be used for quality control and 
similar tests. The test prescribed in this standard is designed for this 
purpose only. 

0.4 More than one method is available for determining the electric 
strength of an insulating material, but the results given by different 
methods are not directly comparable and it should be noted that the 
electric strength of materials decreases as the thickness of the specimen 
between the electrodes increases and with increasing time of voltage 
application. 

OJS Insulating materials with a high dielectric strength, as meaiured in 
accordance with this standard, may not necessarily resist loiig term 
degradation processes, such as erosion or chemical deterioration by 
discharges or electrochemical deterioration in the presence of moisture, 
which mav eause eventual failure in service at much lower stresses. On 
the other hand, if discharges in insulation are eliminated by appropriate 
design and construction, the values obtained by the test methoa pre- 
scrioed in this standard may be exceeded. 

M In preparing this standard, assistance has been derived from the 
following: 

lEC Doc : 15 ( Secretariat ) 50 Rbcommended Methods of Tksr 

TOE BtBQTRIQ STRENGTH OF INSULATING MATERIALS AT PoWER 

FREQyENCiES. International Electrotechnical Commissioh. 

B.S. 2918 : 1957 Eleotrxc Strength of SoLm Insulating Ma- 
TERXAtI at Power Freqjuenqxes. British Standards Institu- 
tion, 
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0*7 Wherever m reference to any Indian Standard appears in this 
standard) it shall be taken as a reference to the tsitest version of the 
standard. 

0.8 Metric system has been adopted in India and all quantities and 
dimensions appearing in this standard are given in this system. 

0.9 In reporting the result of a test made in accordance with this 
standard, if the final value, observed or calculated, is to be rounded off, 
it shall be done in accordance with IS : 2-1960 Rules for Rounding Off 
Numerical Values ( Revised). 



1. SCOPE 

1.1 This standard lays down test conditions and procedure for the 
determination of electric strength of solid insulating materials and 
filling compounds for industrial purposes at power frequencies. 

2. TERMINOLOGY 

2.0 For the purpose of this standard, the following definitions shall 
apply. 

2.1 Crest Faetor ( of a Voltage ) — • The ratio of the peak value of the 
voltage to its root mean square y^lue. 

2.2 Electric StreDgth ( of an Insalatlng Material ) — The voltage at which 
breakdown occurs, under the prescribed conditions of test, divided by 
the distance between the electrodes to which the voltage is applied. 

3. GENERAL 

3*1 SiUToandlng Medium — Insulating materials should preferably be 
tested in the medium in which they are to be used. If this presents 
dilRcUlties on account of flash-over or excessive discharges, tne telts 
should be carried out in a medium of higher electric strength, for 
example, an insulating liquid. 

3«1«1 Materials, which are to be used in air and «for which impregna* 
tion by an insulating liquid is essential for their properties, or materials 
having properties which will be improved by immersion, should not be 
tested in insulating liquid. For example, unimpregnated press board 
should not be tested in oil. 

3»1*2 When tests are conducted in an insulating liquid, the liquid 
should meet the requirements of relevant standard [ see also IS : 335-1963 
Insulating Oil for Transformers and Switchgear ( Revised ) ]. It is 
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neoeitary to ensure adequate electric strength and resistivity of the 
liquid as reduction may result in an increase in measured electric 
strength of the specimen. 

KoTB — Breakdown values obtained in liquid may not be comparable with thoee 
obtained in air. 

3J Conditioning of Test Specimen — The electric strength of most of the 
insulating materials varies with the temperature and moisture content* 
For information concerning the conditioning of a particular material, 
reference should be made either to the specification covering that 
material or to IS : 2260-1963 Recommendations for the Conditioning and 
Testing of Electrical Insulating Materials. 

3.3 Condlttom of Teat 

3*3«1 Tests in Ak — Tests in air at elevated temperature may be 
made in any well-designed oven of size sufficient to accommodate the 
test piece and the electrodes, without flash-over occurring at the maxi- 
mum test yoltage. The oven should be provided with some means of 
circulating the air, so that nearly uniform and constant temperature is 
maintained around the test piece. It should also be provided with a 
thermometer, thermocouple or other means for measuring the tem* 
perature as near the point or test as practicable. 

3»3.2 re.r/j//tX/9ii/d!r — Tests in liquid may be made in a liquid bath 
provided with suitable means for circulating the liquid, so that the tempe* 
rature is substantially uniform around the test specimen. It should also 
be provided with a thermometer or thermocouple for measuring the 
temperature as near the point of test as practicable. 

4 ILECTRICAL EQUIPMENT 

41 The details of equipment required for determining the electrical 
strength of insulating materials in accordance with this standard are 
given in Appendix A. 

5. TEST SnSCIMENS AND ELECTRODES 

S.0 General 

SAA Test Spectffien -^ In the preparation of test specimens from solid 
materials care should be taken that the surfaces in contact with the 
electrodes are parallel, and as flat and» smooth as the material allows. 
The area of test specimens should be^ sufficient to prevent flash-over 
under the conditions of test. 

S.0.1.1 For recessed test pieces, the thickness shall be measured on 
material undisturbed bv breakdown but as near the point of breakdown 
as possible. 
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5.0*1»2 For unrecesscd test pieces of approximately uniform thick* 
nesSy the thickness shall be the average thickness or the test piece 
measured, as specified for the material involved. 

5.0.2 Electrodes — The electrodes should be kept clean and free from 
pitting caused by arcing. When the electrodes are not of the same size, 
the larger of the two should he connected to the earthed end of the hiffh 
voltage winding of the testing transformer, or to the end nearest the 
earth potential if both poles of the transformer are insulated. The 
leads to high and low voltage electrodes should not appreciably affect the 
electric field configuration. The lead to the high voltage electrodes 
should not tilt or otherwise move the electrode or affect the pressure on 
the specimen. 

5.1 For Tests on Non-laminated Materials and Nofmal to Laminae of 
Laminated Materials 

5.1.1 Boards and Sheets ( Up to and Including 3 mm Thick ), and Papers^ 
Fabrics and Films — The electrodes shall consist of two brass cylinders 
with the sharp edges removed to give a radius of 3 mm . One electrode 
(upper electrode) shall be approximately 25 mm in diameter and 
not less than 2S mm in height. The other electrode flower electrode) 
shall be 75 mm in diameter and at least 25 mm in height. These elect- 
rodes shall be arranged coaxially as in Fig. lA. 

5.1.2 Boards and Sheets More Than 3 mm Thick ----The electrodes 
specified in 5.1.1 shall be used on the full thickness of the material; 
alternatively, the 75 mm diameter electrode may be placed in a recess 
machined to reduce the thickness of the material to 3 mm as in Fig. IB. 

5.1.3 Narrow Strips or Tapes — The electrodes shall consist of two brass 
rods, each 6 mm in diameter, mounted vertically one above the other in 
a jig so that the specimen is held between the faces of the squared ends of 
the rods. The upper and lower electrodes shall be coaxial. The sharp 
edges of the squared ends shall be removed to give a radius of approxi- 
mately one millimetre. The upper electrode shall weigh 50 d: 2 g. 
In Fig. 2 is shown a convenient arrangiement to which may be added 
suitable means for stretching tapes; these may consist of a rigid frame 
carrying two similar clamps on opposite sides. One of the clamps, 
which may be a rod, may be so arranged that it can be rotated Jby & 
handle. To prevent flash-^over around the edges of narrow tapes, the 
test specimen shall be clamped using strips of varnished cloth overlap* 
ping the edges of the tape. Alternatively, gaskets fitting round the 
electrodes may be used provided that there is an annular space between 
electrode and gasket of about 1 '5 mm. 

5.1.4 Flexible Tubing and Sleeving — For tubing up to 25 mm internal 
diameter, straight metal wires or rods shall be used for the inner 
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electrode. The nearest ^tUndard size of wire or rod that fits snugly 
without stretching the tubinff shall be used as it is slipped on to the 
wire. For the outer electrodei a strip of metal foil 25 mm in width 
and not more than 0*025 mm in thickness shall be applied snugly 
around the tubing. For tubing greater than 25 mm internal diameter^ 
the specimen shall be cut longitudinally on one side and tested as 
described in 5,1.3, Alternatively, electrodes may be provided by the use 
of metal powder or water, the latter being restricted to sleeving 
unaffected by immeT»ion in water. 

5.1.5 Rigid Tubes ( Having an Internal Diameter Up to and Including 
100 mm ) — The outer electrode shall be a band of metal foil 25 mm in 
width. The inner electrode may be either a closely fitting internal Con- 
ductor, for example, rod, tube, metal foil, or powder, and it should make 
good contact with the inner surface. In each case, the ends of the inner 
electrode should extend for at least 25 mm beyond the ends of the outer 
electrode. 

KoTs — Where do adverse effect ii likely^ petroleum jelly mtky be need for 
attaching foil to the inner surfAoe. 

&1.6 Hollow Cylinders (Having an Internal Diameter Greater Than 
too mm ) — The outer electrode shall be a band of metal foil 75 mm in 
width and the inner electrode a disc of metal foil 38 mm in diameter, 
flexible enough to conform to the curvature of the cylinder. The 
arrangement shall be as shown in Fig. 3. 
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5.1.7 Moulded and Cast Materials — The electrodes specified in S.l»l 
ihall be used with the test specimen in sheet form prererably 3 mm 
thick ( prepared under conditions specified in the standard covering that 
material). 

5.1.8 Varnishes ~ The electrode arranffement described in 5.1.1 or S4«3 
shall be used for testing varnishes. Test specimens shall consist of 
varnish films on suitable supporting materials, such as paper, thin glass 
fabric, or thin copper sheet. If the varnish is on the copper sheet, this 
shall replace the larger electrode ( lower electrode ) described in 5.1.1* 

KoTB — As the results are vary materially affected by ths nature aad thickness 
of the supporting material, and the thickness of the varnish film, these should be 
prescribed m the specification for varnish. 

5.1.9 FUling Compounds — Two 12*5 mm diameter metal spheres, 
arranged horizontally 1*25 mm apart, and embedded in the compound, 
shall be used as electrodes. 

Nora «— Ctere shall be taken to avoid cavities bettreen the eleotrodes, 

5.2 For Tests Parallel to the Surface and Ahwg the Laminae — These arc 
suitable primarily for proof tests to establish whether a material will 
withstand a specified voltage. In some cases, for example, specimens 
conditioned in water, it may be possible to secure breakdown of the 
specimens themselves. Usually, however, surface flash-over occurs first 
in the ambient medium near the test specimen surface. When tests are 
conducted at elevated temperatures, prior breakdowns in the ambient 
medium are less likely. They may not always be prevented and they 
should be reported if they occur. 

5.2.1 Boards and Sheets — The electrodes shall consist of two parallel 
metal pfates and the test specimen shall be placed between them 
{see Fig. 4 ). The electrodes shall be of size sufficient to overlap the 
edges of the test pieces by not less than IS mm and care shall be taken to 
ensure good contact over the whole area of these edses. The edges and 
corners of the electrodes should be suitably radiused when necessary to 
avoid flash-over from edge to edge. 

5J.1.1 The test specimen shall be rectangular, approximately 
100 mm in length and of the thickness of the material under test. The 
width of the test specimen shall be 25*0 ± 0*2 mm and the long edges 
shall be cut as parallel planes at right angles to the surface of the 
material. For thin materials, two test specimens may be suitably placed 
( that is, with their long edges at a convenient angle) to support the 
upper electrode, 

Nom — These electrodes are not suitable for tests on sheet materials of thick* 
ness less than 1*6 mm. 

la 
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5«2*2 Tubes and Cylinders — The parallel plated electrode arrangement 
described in 5.2.1 shall be employed. The electrode shall be of size 
suflScient to overlap the edges of the test specimen by not less than 
IS mm and care shall be taken to ensure good contact over the whole 
area of the ends of the test specimens. Where supporting or balancing 
of the upper electrodes is necessary^ two or three test specimens may be 
used. 

5*2.2.1 The test specimen shall be a complete ring, or a 100 mm 

firtion of a ring if the circumference of cylinder is greater than 100 mm. 
he axial length of specimen shall be 25*0 ±, 0*2 mm. The curved 
edges of the test specimen shall be finished as parallel planes at right 
angles to the axis of the tube or cylinder. 

<• TEST VOLTAGE 

6.1 The test voltage applied to the dielectric, when the test specimen is 
in circuit, shall be approximately of sine-wave form with crest factor 

equal to \/2± S percent, that is 1*35 to 1*49. 

Ctl.1 The crest factor may be checked by means of an oscillograph, a 
Bjphere gap or a crest voltmeter in conjunction with an RMS voltmeter. 
The measurement should be made across the material under test. 

62 The test voltage shall be expressed as its peak value divided by v^. 

U 



l8t2SM-lM3 

63 The frequency of the test voltage shall be between 40 and 60 e/t. 
6 A 



6A.1 The peak voltage may be measured directly by means of a peak 
voltmeter. Alternatively^ the voltage may be determined by a voltmeter 
suitably connected to the input or output side of the testing transformer 
or to a voltmeter winding provided thereon; if this alternative procedure 
is adopted, the instrument used should be calibrated against a sphere 
gap up to the full voltage which is to be measured, 

6*4.2 The ratio of the voltage' derived from the sphere gap to the 
voltage indicated on the auxiliary instrument may be dependent upon 
the presence of the test object, or of the sphere gap. Therefore, it is 
important that the test object, or an equivalent load, should be in the 
circuit during the calibration. The sphere gap may be disconnected 
during the actual test if its absence is known to have a negligible influ* 
ence on the voltage ratio [see also IS : 1876-1961 Method for Voltage 
Measurement by Means of Sphere Gap ( One Sphere Earthed } ]. 

63 Rate of Rise — Rate of rise of voltage may be calculated from the 
time required to raise the voltage between two prescribed values. When 
motor-driven regulating equipment is used, the speed-control Ipheostat 
for any particular testing transformer may be ettlibrnted in terms of 
voltage rise. /. w. 

7. APPLICATION OF VOLTAGB , 

7.1 Rapidly Applied. Voltage, or Skort Ttane Test — The voltage shall be 
raised from serpat a uniform rate such that breakdown occurs on an 
average in. between 10 or 20 seconds. This procedure reouires some 
previous knowledge of the characteristics of the material; otherwise one 
or two preliminary tests are needed. If a number of tests is being 
made, it shall be considered satisfactory, if the average time to break- 
down lies within 10 to 20 seconds, even if some of the individual dura- 
tions are outside this range. This voltage shall be used for determining 
the starting voltaffe on the subsequent test for determination of the 
electric strength of the insulating material ( see 13). 

7.2 Tweaty-Second Step Test — The nearest voluge to 40 percent of the 
probable breakdown voltage as determined by the rapidly applied voltafe 
test ( see 7*1 ) shall be selected from Table I and . applied to the tett 
specimen. If the test specimen withstands this voltage for 20 seconds 
without failure, the next higher and subsequent voltages ffiven in 
Table I shall then be successively applied for 20 seconds until failure 
occurs. The increase in voltage shall be made as quickly as possible 

12 
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and the time spent in raising the voltage shall be included in the period 
of 20 seconds at the higher voltage. 

Noxa — When it is required to Apply a predetermined voltage for the parpoee 
of* proof or withstand test, the voltage shall be raised to the required value as 
rapidly ae possible, consistent with its accurate attainment without anv transient 
over-voltage. This voltage shall then be maintained at the required value for 
the specified duration. 

7.2.1 The electric strength shall be the highest voltage which is with* 
stood for 20 seconds without breakdown. 



TABLE I SUCCESSIVE VOLTAGES TO BE APPLIED ( KUovolts Peia[/ VT) 

( Clause 7.2 ) 
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8. CRITERION OF BREAKDOWN 

t.1 Dielectric breakdown is accompanied by an increase of current 
flowing in the circuit and by a decreasie of voltage across the sample. 
The increased current mav trip a circuit-breaker or blow a fuse. How* 
ever, tripping of a circuit-^breaker ma^ be influenced sometimes by flash* 
over, specimen charging, leakage or corona currents, equipment magnet* 
iiing current, or malfunctioning. It is, therefore, essential t)uit the 
circuit*breaker is well co-ordinated with the characteristics of qie test 
equipment afid the material under test. Otherwise, the circuit-breaker 
may operate without breakdown of the specimen, or fail to operate 
when Dreakdown has occurred. This may not provide a pbsitive 
criterion of breakdown. Even under the best conditions, prior break* 
downs in the ambient medium may occur and observations should be 
made to detect them during tests. The results of such observations 
should be reported. 

M Where tests are made through a material, there is usually no doubt 
when breakdown has occurred, as subsequent visual inspection readily 
shows the actual breakdown channel which may be filled with carbon. 

83 However, in tests parallel to the surface, it is advisable to confirm 
breakdown by re*applying twice, a voltage less than the first apparent 

13 
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breakdown, to check that subsequent failures occur at lower values. A 
convenient practice has been found to be the re-application of half the 
breakdown voltage, followed by increase to failure by the same proce- 
dure as in the first test. 

9. NUMBER OF TESTS 

9*1 Unless otherwise specified, five tests shall be made and the 
electric strength determined from the average of the test results. If 
any test result deviates more than IS percent from the average, five 
additional tests should be made. The electric strength shall then be 
determined from the average of 10 results. 

10. TEST REPORT 

10*1 Unless otherwise specified, the report shall include the following: 

a) Date of test; 

b) Description of the material; 

c) The number of test specimens; 

d) The thickness or average thickness of the test specimen; 

e) The surrounding medium during the test; 

f) The preconditioning treatment before test, and the conditions 
of temperature and atmospheric humidity when testing in air 
and the temperature of the liquid when testing in a liquid; 

g) The electrode system; 

h) The breakdown voltage at each puncture; 

j) The maximum, minimum and average breakdown voltage of 
each test specimen; 

k) The average kV per centimetre or V per millimetre for each test 
specimen; 

m) The duration of the test ( for proof test only }; 

n) The method of application of the voltage; 

p) In the 20-Seeond Step Test, the value of the Initially applied 
voltage and the value of the voltage at each stejp; 

q) An indication of the type of breakdown ( or damage in proof 
tests ); and 

r) The means by which varnish is supported. 

14 
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APPENDIX A 

{Clause 4.1) 

EQUIPMENT FOR DETERMINING ELECTRIC STRENGTH 
OF INSULATING MATERIAL 

A-A. GENERAL 

A-0»1 The equipment required for determining the electric strength of 
the insulating material in accordance with tliis standard usually com* 
prise the following: 

a) High Voltage Transformer, 

b) Voltage Controlgear, 

c) Protective Gear, and 

d) Measuring Instruments (see 6.4). 

A-L HIGH VOLTAGE TRANSFORMER 

A*l«l A step*up transformer may conveniently be used to obtain the 
test voluge. 

A*l«2 The transformer «nd its controlling equipment shall be capable 
of maintaining the test voltage up to the instant of breakdown* 

A«lt3 The transformer with its associated equipment shall be capable of 
supplying, within wave*form Umits specified in 6*1, an output current of 
not less than 40 mA over the full voltage range and at all feadhig power 
factors from zero to unity. 

A*1.4 A transformer of output current higher than 40 mA may ^ be 
required fdl^ testing materials having low electric strength {seeB)/ 

A-2. VOLTAGE CONTROLGEAR 

A«3*0 Smooth voltage regulation is essential and care should be taken 
that the combination of transformers, regulator and supply characteris- 
tics results in a wave*form specified in 6.1. 

A-2.1 If a separate motor alternator set is used, the secondary voltage 
of high voltage transformer may be regulated by means of a resistance 
; potential divider connected in the alternator fieid circuit. Smooth and 
nne voltage control is obtained with a suitably designed divider having 
a sliding contact. 
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A*2Jt If the supply voltage to the testing transformer is fixed, the 
voltage may be regulated by the use of the following devices, usually 
singly but possibly in combination: 

a) Variable Ratio Auto-Transformer, 

b) Resistance Potential Divider, 

c) Induction Regulator, 

d) Moving Coil Regulator, and 

e) Tapped Transformer. 

A*2«2.1 Preference should be given to the device having approximately 
straight line voltage-time curve over the desired operating range. 
Motor drive with variable speed control should be preferred to manual 
drive, because of the difficulty in maintaining a reasonably un^Ubrm 
rate of voltage rise with the latter. 

A-2«2.2 Unless they are suitably designed, induction and moving coil 
regulators may cause serious wave-form distortion at the lower end of 
the range. Tapped transformers and variable ratio auto-transformers, 
however, are usually free from this defect. 

A-2.2.3 If a resistance potential divider is used, wave-form distortion 
may occur unless harmonic in the magnetizing current of the trans* 
former is small as compared to the current drawn from the supply. It 
becomes more and more difficult to comply with this condition as the 
kVA rating of the equipment increases. 

A*3. PROTECTIVE GEAR 

A*3«l The conditions of test should be such as to prevent as far as 
possible any high frequency oscillation and to protect transformer when 
the specimen breaks down. A resistance of the order of I Q/voIt 
shoula be inserted in series with the dielectric under test. A water 

resistance may be suitable for the purpose. 

A-3.2 In the primary circuit of the high voltage transformer, there 
should be circuit-breaker with arrangements for tripping the circuit- 
breaker over a wide range of current and having a no-volt-coil to protect 
the equipment in the event of restoration of tHe supply after inter- 
ruption. 

A-3.2.1 The circuit-breaker should be well co-ordinated with he 
characteristics of the test equipment and the material under test 
otherwise a false indication of breakdown may occur as a result of flash* 
over, specimen charging, leakage or corona currents, equipment 
magnetizing current or malfunctioning. 
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